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Medical capsule 



1 1 J Amedical capsule comprising a capsule body for detecting various inf ormation 
in body cavities, and a plurality of antennas disposed in the capsule body and 
having different directivities and transmission/reception frequencies. 



The present invention relates to a medical capsule, whose position in body 
cavities may be detected from outside the body. 



The medical capsule, which is swallowed by a patient to sample digestive fluids 
in the body cavities or discharge medicament into the body cavities, is known 
as in Patent Gazette NO. 63-21494. Whether the medical capsule swallowed by 
the subject has reached the target site in the body cavity is usually assumed 
by the time elapsing after the swallowing or radiographically checked from 
outside: the body.- • 



However, the assumption of the position of the medical capsule swallowed by 
the subject based on the elapse of the time cannot achieve precise detection 
of the capsule position. In the radiographic method to monitor the position 
from outside the body, the capsular position may be- precisely detected, while 
X-ray irradiation for- an- extended period time .or. for ..several .times . may have 
an adverse effect on the human body. 

A medical capsule, which incorporates an antenna c comprising a battery b and 
transmission coil in the capsule main body a as shown in Fig . 13 has been developed . 
The medical capsule is swallowed by the subject, and radio waves are transmitted 
from the antenna c in the body cavity and received by a receiver installed outside 
the body, thus attaining positional detection for the medical capsule. Since 
only a single antenna cis provided in the. capsule main body, however, radio 
waves are transmitted in the direction shown with the arrow. Therefore, radio 
waves may be detected in the vertical direction of the capsule main body a but 
is weak in the horizontal direction of the capsule main body a, thus making 
detection difficult and hindering precise detection of the capsule position. 
tJnder such circumstances, the present invention has been developed to provide 
a medical capsule, which can precisely detect the capsule position regardless 
of its position* and orientation and is safe to human body. 



To solve the hereinbefore-mentioned problems, the present invention comprises 
a capsule main body for detecting various information in body cavities, and 
a plurality of antennas disposed in the capsule body and having different 
directivities and transmission/reception frequencies. 

The capsule, swallowed by the subject, detects various information on body 
cavities while navigating them and transmits the information out of the body 
so that the position and orientation of the capsule is received from the plurality 
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of antennas outside the body and is detected based on the direction, intensity, 
and frequency of the received radio waves. 

: mMMMm • ... 

The preferred embodiments in accordance with the present invention are described 
below by referring to the attached drawings. 

Figs. 1 and 2 shows the first embodiment. As shown in Fig. 1, the capsule main 
body 1 con^rises a cylindrical part 2, and hemispherical caps 3 and 4 attached 
on the both axial ends of the cylindrical, part 2. A battery 5 is provided on 
one end in the capsule main body 1 or the lower side of the figure, and a first 
sensor 6 for measuring pressure, if or exanple, is provided on the upper side 
of the figure. 

A first antenna 7 con^srisihq a transmission coil coaxial with the cylindrical 
part 2 is provided in the cylindrical part 2 of the capsule main body 1. A 
second antenna 8 comprising a transmission coil perpendicular to the axial 
direction of the cylindrical part 2 and a third antenna 9 are provided below 
the first antenna 7, and the second and third antenna 8 and 9 are perpendicular 
to each other. In short, the first through third antennas 7 through 9 are housed 
in the capsule main body 1 and electrically connected via a modulation circuit 
10 to said battery 5. The first antenna 7 transmits radio waves in the axial 
direction of the capsule main body 1 (upward), the second antenna 8 in the 
direction perpendicular to the axial direction of the capsule main body 1 
(laterally) , and the third antenna 9 in the perpendicular to the axial direction 
of the capsule main body 1 (forward), thus performing radio wave transmission 
in the three directions X, Y, and Z in orthogonal directivities.. . In addition, 
the first, second, and third antennas 7, 8, and 9 respectively transmit 
oscillation frequencies f 1, f 2, f 3, thus transmitting radio waves at different 
oscillation frequencies. 

Fig* 2 is a block diagram of the position detection circuit, in which detection 
signals from the first sensor 6 of the capsule main body 1 and radio waves 
transmitted by the antennas 7 through 9 are received by the reception antenna 
11. The signals received by the reception antenna 11 are fed via the detector 
12 to the station selection circuit 13 . The station selection circuit 13 feeds 
the signals via first through third amplifiers 14 through 16 independently 
provided for the different oscillation frequencies fl, f2, and f3 to a first 
display 17 and displays the intra-cavity pressure detected by the first sensor 
6. Signals amplified by the first through third amplifiers 14 through 16 are 
further fed via a position detection circuit 18 to a second display 19, which 
detects and displays the position and orientation (posture) of the capsule main 
body by comparing intensities of the radio waves transmitted by the first through 
third antennas. 7 through 9. Thus, the position and orientation of the capsule 
main body 1 may be accurately detected, and the intra-cavity pressure may also 
be detected. 

When the subject swallowed the capsule main body. 1, thus the capsule main body 
.1 goes through the esophagus, stomach, and intestines. The capdule main body 
1 detects the intra-cavity pressure with the first sensor 6 thereof and transmits 
the detection signal via the demodulation circuit 10 to the first antenna 7'. 
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At the same time, radio waves with different oscillation frequencies fl, f2, 
and f 3 are transmitted by the first through third antennas 7 through 9 and 
received by the reception antenna 11 along with the detection signal from the 
first sensor 6. The signals received by the reception antenna 11 are fed via 
the detector 12 to the station selection circuit 13 . The station selection 
circuit 13 feeds the signals via first through third amplifiers 14 through 16 
independently provided for the different oscillation : frequencies f l r f2, and 
f3 to a first display 17 and displays the intra-cavity pressure detected by 
the first sensor 6. Signals amplified by the first through third amplifiers 
14 through 16 are further fed via a position detection circuit 18 to a second 
display 19, which. detects and displays the position and orientation (posture) 
of the capsule main body by comparing intensities of the radio waves transmitted 
by the first through third antennas' 7 through 9. Thus, the position and 
orientation of the capsule main body 1 are accurately detected, and the 
. intra-cavity pressure is also be detected. 
Figs. 3 and 4 show the second embodiment, wherein the similar numbers to those 
in the first . embodiment represent the similar elements and the descriptions 
will be omitted. 

As shown in Fig. 3, the battery 5 is mounted in the cylindrical part 2 of the 
capsule main body 1 - A second sensor 20 fox measuring temperature , for example , 
and a demodulation circuit 21 are provided on one end in the capsule main body 
1 or the lower side of the figure. The capsule main body 1 is equipped with' 
the firstrsensor 6 for measuring pressure andVthe- second sensor 20 for measuring 
temperature therein. .The. capsule-main body. 1 .is also, equipped with .the. first 
antenna 7 and the second antenna 8 to transmit radio waves with the respective 
directivities orthogonal in two directions, thus eliminating the third antenna 
9. As shown in Fig. 4, therefore, first and second amplifiers 14 and 15 are 
provided corresponding to the oscillation frequencies f 1 and f 2 of the first 
and second antennas 7 and 8, respectively. The first amplifier 14 is then 
connected to the display 17, and the intra-cavity pressure detected by the first 
sensor 6 appears on the first display 17 • The second amplifier 15 is connected 
to the third display 22, which . shows the intra-cavity temperature detected by 
the second sensor 20. As in the first embodiment, the position and orientation 
(posture) of the capsule main body 1 may be accurately detected, and the 

. temperature as well as the intra-cavity pressure may be simultaneously detected . 
As hereinbefore described, since the medial capsule with a built-in battery 
monitors intra-cavity information for an extended period of time, the battery 
quickly exhausted. Therefore, the switch in the capsule is turned on or off 

•• from outside the body. Control of turning on and off of the switch is difficult, 
however, and if the turning on and off is repeated at constant interval, the 
patient may fall into an abnormal state while the switch is turned .off. Under 
such circumstances, the medial capsule which suppresses battery consumption 
and reliably detects a change in intra-cavity information has been developed. 
Figs. 5 and 6 shows an embodiment of the development, and the reference number 
25 represents a transmission circuit equipped with an amplifier 26 r modulator 
circuit 27 and antenna for transmission 28 . The reference number 29 represents 
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a switch control circuit equipped with a wind comparator 30 and timer 31. The 
battery 32 is connected via a switch 33 to said transmission circuit 25, and 
- - the switch 33 only is turned on when an output signal is entered from said timer 

! 31 . The battery 32 is connected to the input side of the pH sensor 34 comprising 

... a thennister, and its output side is connected to the amplifier 26 of said 

1 transmission circuit 25 and the wind comparator 30 of the control circuit 29. 

in addition, the battery 32 is connected to the switch control circuit 29 and 
' applies reference voltage to the wind comparator 30. 

-: Therefore, the output of the pH sensor 34 is compared with the reference voltage 

' in the. wind comparator 30. As shown. in Fig- «, a signal for driving the timer 

31 As generated by the wind comparator 30 when the output exceeds the wind width . 
When the timer. 31 is driven, the switch repeatedly turns on and off, the battery 

32 supplies voltage to the transmission circuit 25 . Therefore, the transmission . 
circuit 25 amplifies the output from the pH sensor 34 with* the amplifier 26, 

' modulates it with the modulator circuit 27, and transmits it from the antenna 

] whin the output of the pH sensor 34 is within the range of the reference voltage 

(where the system is free of defects), the switch 33 remains OFF, no voltage 
. " is supplied to the transmission circuit 25, and no power of the battery 32 is 

consumed in the transmission circuit 25. When the output of the pH sensor 34 
exceeds the reference voltage range, the timer 31 turns the switch 33 on or 

) off, -thus obtaining constant data and saving power. 

- Figs* 7 and 8- show that change in output from the pH- sensor. 3* is detected by 
... . . ^differentiation circuit 35 along, time- More, specifically, the output side 

3 of the pH sensor 34 is connected via the differentiation circuit 35 to the switch 

J control circuit 29, and the differentiation circuit 35 detects a change in the 

pH sensor 34 along time and feeds it to the switch control circuit 29. 

"I" (Output from the differentiation, circuit «» d/dt vin), 

. where Vins input voltage. 

The output from the pH sensor 34 is fed via the differentiation circuit 35 to 
the switch control circuit 29 to be compared with the reference voltage. When 
it exceeds the reference voltage (or a rapid change occurs) as shown in Fig. 

•> 8 , the switch is repeatedly turned on and off , and the batter 32 supplies voltage 

to the transmission circuit 25. In such a case, the switch 33 continues to 
be turned on and off for a particular period so as to enable monitoring even 
when the output f rem the differentiation circuit 35 comes below the range of 

3 ' , the reference voltage. Thus a rapid change of in vivo information may be 

. immediately detected. 
Figg ^ 9 anc | io show an embodiment to detect the position based on the in vivo 

: and reference points used as a means to know the position of medical capsule 

swallowed by a subject. 

The body of the subject A is detected with a . diagnosis apparatus such as CT> 
J MRI. or. ultrasonic waves to obtain an in vivo map, which is stored in the memory 

36. An oscillator 37 comprising a reference signal oscillation source and 
serving as a reference point is fixed on a part of the outside of the body of 
tne subject A, and transmits radio waves into body cavities. A receiver 39 
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and computing unit 40 are provided in the capsule main body 38 for receiving 
signals from the oscillator 37 to calculate orientation and distance from the 
reference point, or the oscillator 37. The signals from the -computing unit 
AO and the in vivo map stored in said memory 36 are correlated with each other 
by the position detection circuit 41 to .know the position of the capsule main 
body 38 in the body cavities. 

>igs. 11 and 12 show an embodiment which detects position of the medical capsule 
swallowed by the subject based on the in vivo map and reference points as in 
the hereinbefore mentioned embodiment. 

The positipn of the heart of the subject along with the body ds detected with 
a diagnosis apparatus such as CT r MRI or ultrasonic waves to obtain an in vivo 
map, which is stored with the position of the heart in the memory 36. A signal 
processing circuit 44, memory 45, and battery 46 as well as a detection electrode 
43 of the electrocardiogram are provided in the capsule main body 42. A memory 
access electrode 47 for transmitting and receiving signals to and f ram the memory 
45 is provided in the capsule main body 42. 

Detection signals from said "electrocardiogram detection electrode 43 are fed 
via a waveform analysis circuit 48 to a computing unit 49, and the signals from 
the computing unit 49 and the in vivo map stored in said memory 45 are correlated 
with each other by the position detection circuit 50 to know the orientation 
and distance of the capsule main body 42 from the heart, thus requiring no 
oscillator. 

.As. in the foregoing description, since a plurality of antennas with different 
directivities and transmission/reception frequencies are provided in the 
capsule main body to detect various information in body cavities, in accordance 
with the invention, there are effects that the position and orientation of the 
capsule are received outside the body based on the orientation, intensity, 
frequency of the radio waves transmitted from the plurality of antennas outside 
-the body in order to detect the position of the capsule regardless of the position 
•and orientation of the capsule and thus a medical capsule, whose position is 
accurately detected and which is safe to human body may be provided. 



Pigs. 1 and 2 show the first embodiment of the present invention. Pig. 1 is 
a vertical, sectional side view of the capsule. Pig. 2 is a block diagram of 
the electric circuit. Pig. 3 is a vertical sectional side view of the capsule. 
Fig. 4 is a block diagram of the electric circuit. Pig. 5 is a block diagram 
of the electric circuit of the capsule with a built-in battery. Fig. 6 is its 
. timing chart. Pig- 7 is a block diagram of the electric circuit of the capsule 
With a built-in battery. Pig. 8 is its timing chart. Pig. 9 is a block diagram 
of an embodiment for detecting the position of the medical capsule swallowed 
by the subject. Fig. 10 is a schematic view of a human body. Pig. 11 a block 
diagram of another embodiment for detecting the position of the medical capsule 
swallowed by the subject. Pig. 12 is a vertical sectional side view of the 
capsule. Pig. 13 is a vertical sectional side view of the conventional medical 
capsule. 



Is Capsule main body 

6: Sensor 

7, 8 f 9 : Antennas 



" - 13 - 



4-180736(5) 




4>B3? 4-180736(8) 




®» « * 








ft 


®56 W • 


n 


EB 




tt 


@5B 98 » 








91 


©§fe 98 


* 


as 






©36 « * 


** 




IE 


99 


9S 9 


a 


s 


JR 


iL 


©56 98 .S 


3c 




3? 





